examined whether the short-wavelength-sensitive (S) cones contribute to circadian 23 photoreception by using lights which differed exclusively in the amount of S cone 24 excitation by almost two orders of magnitude (ratio 1:83), but not in the excitation of 25 long-wavelength-sensitive (L) and medium-wavelength-sensitive (M) cones, rods, and 26 melanopsin. We find no evidence for a role of S cones in the acute alerting and 27 melatonin supressing response to evening light exposure, pointing to an exclusive role of 28 melanopsin in driving circadian responses. 29 To probe the role of S cones in circadian responses to light, we generated a pair of stimuli 30 providing either minimal S cone stimulation, S-, or maximal S cone stimulation, S+ ( Fig.   31 1a). The stimuli were designed to produce no differential stimulation of the L and M cones, 32 the rods, and melanopsin ( Fig. 1a, inset) . We employed a spectrally tuneable light source 33 consisting of ten different LED lights, which were individually adjustable in intensity, 34 thereby producing complex mixtures of light which differed in the amount of S cone 35 stimulation by a factor of ~85, or equivalently, ~1.92 units. The S cones play an important 36 role in colour vision, encoding the blue-yellow dimension of colour vision. As a 37 consequence, our S-cone isolating stimuli looked very different in colour (but not luminance, 38 or 'brightness'), with S-corresponding to an orangish, and S+ corresponding to a pinkish 39 colour. 40 With these stimuli in hand, we probed the human circadian timing system using melatonin 41 suppression. Melatonin, which rises in concentration approximately two hours prior to 42 habitual bedtime, can be strongly suppressed by short-wavelength light [1, 2] . In an in-43 laboratory within-subjected design under controlled lighting conditions, we found no 44 difference in melatonin production when participants (n=10) were exposed to our two stimuli 45 differing in S cone activation ( Fig. 1b ) from 150 to 30 minutes prior to their habitual bedtime.
46
While a change in light stimulus by almost two orders of magnitude (1:100) is known to 47 move the circadian response to light from no response to saturation [3], a change of that 48 order of magnitude in only the S cones produced no difference in the production of evening 49 melatonin. We also interrogated our stimuli affected subjective sleepiness (measured using 50 the Karolinska Sleepiness Scale) and vigilant attention (measured using median reaction 51 time to beeps, averaged over 50 trials). Neither sleepiness nor vigilant attention were 52 modulated by S cones alone.
53
Our results further strengthen the notion that the most important modulator of circadian 54 photoreception is melanopsin, and melanopsin only. In addition to our results ruling out the S 55 cones as a driver of melatonin suppression, this emerging picture is supported by studies with 56 3 people with red-green colour vision deficiencies affecting the L or M cones [4] and blind 57 people with no cone-rod function at all [5, 6] .
58
In the primate retina, some ipRGCs receive positive, excitatory input from the L and M cones 59 and negative, inhibitory synaptic input from the S cones [7] . Previous research also exploiting 60 the method of silent substitution found paradoxical responses of the pupil to flickering S-61 cone-isolating stimuli [8] . Our findings suggest that the circuit responsible for pupil control 62 may recruit different ipRGCs than those involved in circadian photoreception [9, 10] , or 63 adapts to differences in cone input, or may have different temporal integration properties 64 downstream.
65
Recent developments of lighting engineering and design have enabled the control of 66 spectrum and intensity in the built environment. The lack of an S-cone mediated contribution 67 to human circadian response to light is a key piece in the puzzle to optimising lighting for 68 human health and well-being. In these considerations, the activation of melanopsin should be 69 the only parameter when it comes to effects on the circadian system. 
151
We generated our S-cone-selective stimuli using the method of silent substitution [6, 7] . In 152 the method of silent substitution, pairs of spectra are generated as mixtures of the ten 153 primaries lights which produce a difference in only one photoreceptor class (in this case, the 154 stimulated S cones), while there is no difference in the other photoreceptors (in this case, the 155 silenced L and M cones, rods, and melanopsin). This method has previously been used to 156 examine the effect of melanopsin-only differences in lighting on melatonin suppression [8, 9] 157 (but has a long history in vision science, see [7] ).
158
To produce calibrated stimuli, we first measured the spectral radiance of each LED 159 independently at 19 intensity levels (spaced at 5% increments from 5% to 100%, where 100% 7 is maximum intensity) using a spectroradiometer (spectroval 1511, JETI Instruments GmbH,
161
Jena, Germany). We addressed the typical changes in spectrum with increasing intensity by 162 relying on an interpolation-based forward model our primaries (interpolating at unmeasured 163 primary settings). Using this model, we generated two sets of settings for our primaries which 164 would have the feature that they yielded maximum differential stimulation on the S cones, Table S1 . 172 We achieved a stimulus with a difference of 8268% (factor 83.68×), or equivalently almost MA). Participants were presented with a tone emitted from a loudspeaker and were instructed 215 to press as quickly as possible to the tone using a Playstation-like gamepad. ISI was 216 randomly set to 5-8 seconds. Median reaction times were calculated from 50 trials.
217
In-laboratory light questionnaire. Satterthwaite's method for determining the degrees of freedom.
240
For melatonin, we found a significant effect of sample time (F(1, 95.607) = 20.7347, p = 241 1.554e-05 [***]), but no differences between conditions (F(1, 94.098) = 0.9073, p = 0.3433), 242 9 and no interaction (F(1, 93.994) = 1.4463, p = 0.2321). The effect of sample time on 243 melatonin is well evident in Fig. 1b , indicating the increase of melatonin with approaching 244 habitual bedtime.
245
For sleepiness (KSS), we found an effect of sample time (F(1, 116) = 15.9744, p = 0.0001132 246 [***]), but no differences across conditions (F(1, 116) = 0.8745, p = 0.3516608), and no 247 interaction (F(1, 116) = 0.8844, p = 0.3489551). The effect of sample time is also evident in 248 Fig. 1c , where we see that the sleepiness increases, the closer the sample time is to the 249 participant's habitual bedtime. For alertness (median reaction time), we found no effect of 250 sample time (F(1, 116) = 0.3381, p =0.56210, no differences across conditions (F(1, 116) = 251 0.7979, p = 0.3736), and no interaction between condition and time (F(1, 116) = 0.7391, p = 252 0.3917).
253
For the lighting questionnaire, which we sampled at the same intervals as the saliva samples 254 and the KSS, we only compared the ratings of acute stimulus (delivered 02:30 to 00:30h 255 before habitual bedtime). In this analysis, there were no significant differences between the 256 two conditions, or across samples for the comfort of the light (condition: F(1, 116) = 0.8120, 257 p = 0.3694; sample: F(1, 116) = 1.9172, p = 0.1688; condition x sample: F(1, 116) = 0.5559, 258 p = 0.4574), the light level preference (condition: F(1, 116) = 0.5132, p = 0.4752; sample: 
